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4 

W I T E  A k"PERCm-Tff ICK,  ASPECT-RATIO-49 

By  William C . Moseley,  Jr. , md Robert T. Taylor 

SUMMARY 

An investigation was made in the  Langley 300 MPH 7- by  10-foot 
tunnel to  determine  the  low-speed  static  stability and control  charac- 
teristics  of a A - scale  model  of  the B e l l  X-1 airphne equipped with a 
&-percent-thick,  aspect-ratio-4 wing. Tests  were also made to determine 
the  optimum  flap  deflection  for a slotted  flap. 

4 

Results  of  the  tests  indicated  that  the  model had elevator-fixed 
longitudinal  stability  amounting  to a static  margin  of  apout 0.12 mean 
aerodynamic  chord  for  the  flaps-retracted  configuration  and a static 
margin  of  about 0.04 mean aeroaynamic  chord  for  the  flaps-deflected  con- 
figuration,  both  configurations  becaning extremely stable  near  the s t a l l .  
The model  possess  static  lateral  and  directional  stability  throughout the 
usable  angle-of-attack  range.  The  existing  elevator  and  rudder  provided 
satisfactory  control  general" s w  to  the  origillEtl A -scale model of 

the airplane. The  aileron  retained  its  effectiveness  which  agreed  with 
predicted  effectiveness up to  near  the stall. This effectiveness a s  
generally  unaffected  by  deflecting  the  flaps. The optimum  flap  deflec- 
tion  was 35'. 

4 

INTRODUCTION 

. 
Extensive  research has indicated  that  airfoil  thickness  is  of  pri- 

mary Fmportance in the  performance of aircraft  designed  to  operate in . 
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the  transonic  and  supersonic  speed  ranges.  At  the  request of the  National 
Advisory  Committee  for  Aeronautics, R bpercent-thick wing is  being  incor- 
porated Fnto the B e l l  X-1  research airplane. The w e  of  thin  sections,  in 
general, reqdres s11 ~ t c c o m p ~ n g  change  in  aspect  ratio  or  taper  ratio, 8 

or  both from purely structural  considerations. 

. 

The present  paper  presents  the  results  of  an  investigation  to  deter- 
mine  the  effect,  if any, that a change  in  wing  thickness  and an associated 
change In aspect  ratio  would  have on the  lar-speed  static  stability  and 
control  characteristics  of  the Bell X-1 airplane. The investigation  was 
made in  the hngley 300 MPH 7- by 10-foot  tunnel with a A -  scale model 

of the  Bell X-1 airplane equipped  with a wing of aspect  ratio 4, taper 
ratio 0.3, Oo sweepback of the 0.40 chord line, and a modified  NACA 64A004 
airfoil  section.  The wing had a slotted  flap  of  about 0.50 semispan and 
an aileron of 0.9 semispan. 
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COEFFICIENTS m SYMBOLS 

The  system  of a x e s  used  together with an  indication  of  positive 
forces,  moments, and angles is presented in figure 1. Maments are given 
about  the  center-of  -gravity  location sham in figure 2(&), (20 percent of 
the mean aerodynamic  chord  of  the  wing). The coefficients  and  symbols 
used in this paper  are  defined as folluws: 

CL lift  coefficient,  Lift/qS 

hterd-force coefficient, Y/QS 

C2 rolling-moment  coeeiclent, L / ~ S  

Cn Yawing-mo?nent  coefficient, N/qSb 

%I pitching-moment  coeffictent, M / ~ S E  

cha aileron  hinge  -moment  coefficient , H/q2M 

X lor@tudinal  force along X-axis 
(drag equals -X when p = 0) , lb 

Y lateral  force  along Y-axis, Ib 
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force along Z-axis ( l i f t  equals -Z) , l b  

roll ing moment about X - a x i s ,  f t - lb  

yawing marment about Z d s  , f t-lb 

pitching moment about Y - a x i s ,  ft-lb 

aileron hinge moment about  hinge -e, f t - l b  

free-stream aynamic pressure, hpV2, lb/sq ft 

area moment of aileron rearward of hinge line about 

2 

hinge line, f t3  

wing area, sq ft 

mean aerodynamic chord, ft 

aspect  ratio, b2/S 

local  w i n g  chord, f t  

wing span, ft  

helix  angle of ro l l ,  radius 

free-stream  velocity,  ft/sec " 

angular velocity in r o l l ,  radians/sec 

mass density of air, slugs/cu f t  

wheel force, based on a wheel radius of 0.542 feet, lb 

angle of attack of fuselage  center line, deg 

angle of sideslip, deg 

angle of incidence of horizontal tail with respect 
t o  Fuselage center line, deg 

angle of control  deflection, 

rate of  change of CL with - 
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C 

C 
yB 

C 
ha 6 

rate of change of Cz with j3 at a constant a, 
(%a 

rate of change of C, with p at a constant a, 
(.>a 

rate of change of Cy with ,9 at a constant a, (aa 
rate of change of C with a at a constant 6, 

b, 

rate of change of C with 6 at a constant a, ha 

rate of change of C, with it  at a constant a 

Subscripts : 

e elevator 

r rudder 

f fLap 

a aileron: 

t total 

All slopes  were  measured in the  vicinity of a, j3, 6 =I 0. 

I 

airplane  used  during the present  investigation are presented in figure 2(a). 
For comparison,  the  characteristics of 8 2 - scale  model of the original m 

4 
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Bell X-1 airplane are shown in  figure  2(b). The o r ig ina l  model had a 
10-percent-thick wing with an aspect r a t i o  of 6 and a taper ratio of 0.5. 
w ~ l n g  used in the  present  investigation had an aspect ra t io  of 4, a 
taper  ratio of 0.5, a modified HACA &A004 airfoil section, Oo sweepback 
of the 0.40 chord line asd had an area  equal t o  the wFng of the original 
Bell X-1  model. The airf'oil  section was d t e r e d  rearward of the 0.70 chord 
l ine t o  give a constant  trailing-edge  thickness of - inch with  straight 

contours  being faired  into  the  airfoil  contour at the 0.70 chord line. 
The wing had R steel spar covered with mahogany which was  wrapped with 
Fiberglas and Paraplex. The flaps and aileron were machined of aluminum. 
Photographs showing the model  mounted on the single support s t ru t  of the 
Langley 300 MPH 7- by  10-f oot tunnel are  presented  as  figure 3. 

I 
16 

Details of the  flap and ailerons are shown in  f igure 4. The 
0 . 2 5 ~   a i l e r m  had a 0.2012, overhang balance and extended from 0.68b/2 
t o  O.g8b/2. The ailerons had straight sides with a radius nose. A gap 

of A inch between the aileron nose and the wing was left unsealed for 

these  tests. Also included was an electr ic   s t ra in  gage installed at the 
inboard end of the right  ai leron  to give an indication of the aileron 
hinge mclments. The 0.27~  single  slotted  f lap had straight sides and 
extended  inboard of the  aileron  to  the  juncture of the w f n g  and fuselage 
(approxhmtely 0 .l88b/2). There was no f i l l e t  at  the  wing-fuselage 
juncture. The f lap nose had an e l l i p t i ca l  shape on the upper surface 
and a radius on the luwer surface. (See f ig .  4(b). ) The flap was hinged 
externally  at the 0.748~  position and 0.022~ below the chord plane. Only 
one flap-hinge  location vas tested and no attempt WRS made t o  evaluate 
the  effect of varytng  the s l o t  shage or the  flap-hinge  location. 

64 

The t e s t s  were made in  the Langley 300 MPE 7- by 10-foot  tunnel at 
a dynamic pressure of 25.86 pounds per square foot, which corresponds 
t o  a Mach nunber of approximately 0 .l3 and a Reynolds number of 
about  1.2 x lo6 based on a mean aeroaynemic chord of 1.48 feet .  

The angles of attack, drag coefficients, and pitching-mment  coef- 
f ic ients  have been corrected for  jet-boundary effects determined by the 
methods of reference 1. Corrections for blocking caused by the model 
and its wake have been applied  according t o  the methods of reference 2. 
Horizontal buoyancy on the model due t o  longitudinal  pressure  gradient, 
and tunnel  air-flow  misalinement have also been  accounted for i n  the 
congutation of the t e s t  h t a .  
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Tare corrections  to  account  for  that  portion of the forces  and 
maments  attributable  to  the  support  strut  have not been  applied  to  the 
data.  EstimEttes  made  from  previous  investigations  of a similar model 
indicated  that  tare  corrections  were small except  for  the drag coeffi- 
cient  which  would  be  reduced  by  about 0.01 at  zero  lift. 

Presentation  of the Data 

The fo l la r ing  table  gives a brief summsry of the  figures  presented: 

Effect of horizontal  tail  setting . . . . . . . . . . . . . .  
Elevator  effectiveness . . . . . . . . . . . . . . . . . . .  
Elevator and tail  incidence  required  for  trlm . . . . . . . .  
Effect of flap  deflection . . . . . . . . . . . . . . . . . .  
Flap  effectiveness . . . . . . . . . . . . . . . . . . . . .  
Characteristics in sideslip . . . . . . . . . . . . . . . . .  
Lateral  stability  paremeters . . . . . . . . . . . . . . . .  
Aileron  characteristics . . . . . . . . . . . . . . . . . . .  
Helix angle Eand wheel  force  for steady  r o l l  . . . . . . . . .  
Effect of rudder  deflection . . . . . . . . . . . . . . . . .  
Rudder  and  aileron  required  for  steady  sideslip . . . . . . .  

static margin . . . . . . . . . . . . . . . . . . . . . . . .  : 5 and 6 
7 . 8andg . . .  .10 . . .  .11 . . .  .l2 

13 and 14 . . .  .15 
16 and 17 . . .  .18 
19 and 20 . . , . 2 1  

. . . .  

Longitudinal  Stability  and  Control 

Longitudinal  stability.-  Figure 7 summarizes  the longitudinsl sta- 
bility  characteristics of the model of the present  paper. %e static 
margin in percent E is presented for flap deflections  of 0" and 35O 
along with the  data  for  the  flap-retracted  configuration of the  original 
Bell X-1 model. The static  margin of the  subject  model was about 0.12E 
up  to  about 0.6 lift  coefficient;  above CL = 0.6, there was &z1 abrupt 
increase in the  static  margin.  Data  obtained in the Langley 7- by 10-foot 
tunnel'  indicate  that-the  static =gin of  the  original X-1  model  was  gen- 
erally  constant (0.O9c' up to ( 2 ~  = 0.6). Deflecting  the  slotted  flap 
reduced  the  static margin to  about 0.045, w h i c h  increased  rapidly as the 
stall was approached. 

The  variation of pitching-moment  coefficient  with  lift  coefficient 
of figures 6 ,  8, and 9 show c m e s  which are generally linear and stable 
up to  the  stall,  with a stable  break  at  the  stall  at  horizontal  tail  set- 
tings and elevator  deflections near trim  and  balance. 

1 

1. 
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Longitudinal  control.- The horizontal-tail  effectiveness param- 
eter &.&it for  the flap-retracted  configuration w a s  about -0.03 and 

f o r  the  flap  deflected-configuration, about -0.027. Although these values 
are somewhat smaller then f o r  the original X-1 model (ac,/ait = -0.035; 
Sf = oo , and S, = 60°), it should be rehenibered that, although the 

ta i l  length was the same, the mean aerodynamic chord was larger f o r  
the  present' m o d e l .  

flap-retracted  condition. The data of figure 8(b) indicate that the 
elevator was suff ic ient   to  maintain a lift coefficient of 0.70 at  an 
angle of attack of U0, a stabilizer sett ing of it = 3.8O, and 8 
20° elevator  deflection. 

The data of figure 8 show the aeroaynamic characteristics  for  the 

The data of figure 9 show the aeroaynamic characteristics  for the 
landing  condition. The data of figure g(b) indicate that the  elevator 
was  sufficient  to maintain a lift coefficient of 1.04 at  an angle of 
attack of 6' with a horizontal-tail  setting of 2.4O and an elevator 
deflection of -5O. 

Figure 10 summrizes the  longitudinal-control  characteristics of 
the model and indicates a moderate change in  elevator  deflection  or sta- 
bil izer   set t ing is  required t o  balance the model through most of the l i f t -  
coefficient range. 

High Lift Devices 

The plain-wing tail-off  lift-curve  slope  (fig. 5 )  w a s  about 0.068 
and campares w e l l  with the theoretical wing-alone lift-curve  slope ( 0 . 6 4 )  
as determined fran reference 3. It is fe l t  that the contribution of the 
fuselage is significant in  raising  the  lift-curve slope of the model and 
may account for  stme of the discrepancy between experiment and theory. 

The l i f t  data of figure ll indicate that the  lift-curve  slope of the 
complete model varied between 0.074 a t  Sf = o t o  0.066 at  6f = wo. 
The variation of l i f t  coefficient w i t h  flap  deflection  (fig. 1 2 )  indicates 
t W t  the  opthum  flap  deflection i s  35* for  the  slot   tested.  This f lap 
deflection  yields an increment in l i f t  coefficient of 0.64 at an m e  
of attack of bo. Although the flap at  ot = 0' and a = k0 yields 8, 
slightly higher l i f t  coefficient f o r  f lap deflections above 35O the cor- 
responding increase i n  drag is excessively high. The values of C Lmax 
presented are peak values or  were taken just beyond the point where a n  
abrupt  decrease in lift-curve slope occurred for  f l ap  deflections where 
no definite peak existed. 
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TBe landing speed of the X - 1  airplane can be determined i f  an empty 
weight of TOO0 pounds -is assumed for the airplane. (All unexpended fuel t 

is  jettisoned  before  landing. 1 From figure  g(b) a balancedolift  coeffi- 
cient of about"l.03 is obtained for  an  engle of attack of 4 . The wing 
loading would be 53.8 pounb per square foot and the landing apeed would 
be about 145 miles  per hour. 

< '  

v 

Lateral and Directional  Stability 

The data of figure 15 i nd icae  that the model possessed both s t a t i c  
la te ra l  and static  directional  stabil i ty that was generally f a i r ly  con- 
stant with increase i n  lift coefficient. The s tab i l i ty  parameters 
obtained fraan figures 13 and 14 agree very  well  with the values in   f i g -  
ure 15 obtained a t  p = t'j0. The effective dihedrd tended .to increase 
near the bigher lift coefficients  for  the  flaps-retracted  configuration, 
while fo r  the flaps-deflected  configuration the effective -dihedral 
decreased slightly near the highest lift coefficient. The data f o r  the 
or iginal  X-1 model with an aspect-ratio-6,  10-percent-thick wing yielded 
values  generally  the same a t  l o w  l i f t  coefficients  but abrupt variations 
in  effective dihedral occurred as the stall was  approached. Deflecting 
the  slotted flap had l i t t l e   e f f e c t  on the   s ta t ic  directionaJ- s tab i l i ty  
of the model. 

Lateral and Dfrectional Control 

The data  presented in  figures 16 and 17 are  for  the  right  aileron 
deflected only. The tests were limited t o  approximate aileron  travel on 
the  actual  airplane, Sa = +XF lo . For the flap-retracted  configuration 
(fig. 16), the  aileron  retained i ts  effectiveness up t o  about a = loo 
which is  near the s t a l l .  (See f ig .  5. ) Above cc = loo, the aileron began 
t o  lose its effectiveness  particularly  for  positive or  dam deflections. 
The aileron rolling effectiveness  paameter was about -0.00127, which 

is  about w h a t  would be expected for  0.256 flap-type  control with a blunt 
overhang of 0 . 2 0 ~ ~ .  From the  data of reference 4, an estimated  value 
of Cz was -0.0012. The data for  the flap-deflected  configuration 

(fig.  17) show that the  aileron  effectiveness parameter of the original 
model  was larger than that of  the present model, = -0.00157 and 

% 

6 

% 
% = -O.OOU7, respectively; however, figure 18 shows the  present model 

to have a rolling  velocity  per degree of aileron  deflection approximately 
20 percent  higher  than that of the original X-1  model. 
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The  aileron  binge  moments  indicate  that  for  the  flap-retracted  con- 
figuration  the  hinge-moment  parameters  were 

cha 
= - o . o o ~ ,  c = -0.- 

a 4% 
and C = -0.0083. From reference 5, estimated d u e s  (flap  retracted), 

ha, 
U 

with 0.20~~ blunt  overhang  at law Mach  nunbers. 

In order t o  compare  estimated  flight  conditions  with  those of the 
original X-lmodel, two  flight  conditions  were  selected  and hta for  the 
conditions  are  given in table I. Condition I is  for a heavily loaded, 
flap-retracted  configuration,  operating  at a high Uft coefficient.  Con- 
dition I1 simulates an empty,  flap-deflected, landing configuration. 
Figure 18 show6  the rolling velocity,  *el  force,  and  wing-tip helix 
angle  plotted  against  aileron  deflection  at steady roll  for  conditions 
I and I1 for  the  model of the  present  investigatiop and condition I for 
the original X-1 model. The data  indicated  that,  for a given  aileron 
deflection,  the  present  model has a stick  force approximately 70 percent 
higher  than  that  of  the  original X-1 model.  However,  for a given value. 
of the  rolling  velocity,  the  present  model has a wheel  force  about 4.0 per- 
cent  higher  than  that of the  original X-1 model. No attempt was made to 
evaluate  the  effect of deflecting  the  slotted  flap on the  damping-in-roll 
coefficients  used in these  calculations. 

. The data of figures 19 and 20 indicate  that the rolline;-mment- 
coefficient,  yawing-moment-coefficient, and lateral-force-coefficient 
curves  were  generally  linear for angles  of  sideslip of about ~ O o .  The 
data of figure 21 show  that  the  rudder and ailerons  were  capable of 
trbuing the model through sideslip y l e s  of &out flOo for the flaps- 
retracted  configuration  and  about kt8 for the flaps-deflected  configura- 
tion. The original model w-as able to .maintain  steady  sideslip  angles  of 
about +8'. 

n 

The yawlng-moment-coefficient Etna rolling-moment-coefficient  data 
of figures 16, 17, 19, and 20 were assuned to be symmetrical  about  zero 
for these  calculations. 

CONCLUSIONS 

The  results  of an investigation to determine  the  low-speed  stability 
and  control  characteristics  of a 1 - scale  model of the B e l l  X-1 airplane 

modified to include a wing of  aspect  ratio 4, taper  ratio 0.5, 0' sweepback 
I 4 



10 - NACA RM L53H27 

of the 0.40 chord l ine  , and a modified W A  &A004 airfoil   section 
indicate  the following conclusions: 

1. The model with flaps a t  0' had elevator-fixed  static-Umgitu- 
did s t ab i l i t y  amounting generally to a s t a t i c  margin of about 0 .I2 mean 
aerodynamic chord  throughout most of the lift-coefficient range and became 
extremely stable near the stall. With flaps  deflected t o  Sf = 35O the 
elevator-fixed  static margin w a s  about 0.04 mean aeroaynamic chord for  
most of the lift-coefficient range and became increasingly  stable near 
the stall. 

2. The maxlrmrm balanced l i f t  coefficient w a s  0.70 for  the flaps-up 
condition Etnd 1.04 for  the flaps-deflected  condition. The  optimum flap 
deflection  tested  for  the  slotted flap was found t o  be 35O; this deflection 
caused an increment i n  lift coefficient of 0.64 for  an aagle of attack of ko . 

3. The model possessed s ta t ic   direct ional   s tabi l i ty  through the 
range investigated and this s tab i l i ty  was generally unaffected by deflecting 
the  slotted  flap. The effective  dihedral.ms  positive and generally con- 
stant throughout the angle-of-attack range and was only slightly  affected 
by deflecting the slotted flaps. 

4. The effectiveness of the rudder through the  deflection range 
investigated ( C L ~ O )  was adequate t o  trim the model through a s i d e s ~ . p  
range of +loo flaps retracted and *€lo for flaps  deflected 35*. 

5 .  The aileron  effectiveness was satisfactory through the stall for  
both  the  fleps-retracted and flaps-deflected  conditions although a loss 
in effectiveness w a s  present near the s t a U .  I+ 

Langley Aeronautical  Laboratory, 
National Advisory C o n n n i t t e e  f o r  Aeronautics, 

Langley Field, Va., August 18, 1953. 

. 
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TABLE: I.- FLIGKT CONDITIONS INVESTIGATED 

Condition I 

Flap deflection, Ef, deg . . . . . . . . .  0 

Lift coefficient, CL . . . . . . . . . . .  0.70 

Velocity, mph . . . . . . . . . . . . . .  240 
Dynamic pressure, lb/ft2 . . . . . . . . .  148 
Mach n-er . . . . . . . . . . . . . . .  0.32 

Weight, lb . . . . . . . . . . . . . . . .  13,488 

Altitude, f+ . . . . . . . . . . . . . . .  0 

Condition I1 

35 
7000 
1.03 

0 
143 
52-5 
0.19 

=-%7 
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Figure 1.- System of axe6 showing forces, moments, and angles. Positive 
values indicated by a r r o w  heads. 



~"-3420"----1 TABULATED DATA 

Wiiy 
Area,lbtal 8.125sqff 
Area, aileron 0.476sqft 
Area, slofhd flap L 104 sq ft 
span 5.69 ff 
&wn aet&ynarnic c h d  l.48ff 
Aspect mfio 4 
Airhilsecfion Modified NACA64AOO4 

A m ,  total 1.625 sq f f  
Arw, elevalbr 0.325 sq ff 
A h W  secton ' NACA 65-008 

Horizontal fail 

Verfkal tail "Kji 

Am, fotal I6W sq ff 
A m ,  rudder 0.325 sg f f  
Alhbil s m f h  NACA 65-CW8 

I 

(a) €!ell X-1 airplane with a thin aspect-ratio-4 wing. 
Figure 2. - Three-view drawings of the -scale models of the Bell X-1 

airplane. AU dimemions are in inches unless otherwise noted. 
F 
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L-78613 
(a) Three-quarter front view, S, = 0'. 

Figure 3. - Views of the mcdel mounted 3.n the 300 MPH 7- by 10-foot tunnel. 
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(b) Three-quarter rear view, i?y = 0". 

Figure 3.- Contirmed. 
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Section A - A  

Section B- B 
75c -1 

(a) General arrangement. 

Figure 4.- Details of flaps and ailerons t e s t e d .  

line 
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1 b b ' L 

.75c s fotlon 

(b) FLap-nose shape. 

Figure 4.- Concluded. 
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Figure 5.- Effect of stabilizer  setting on the  aeroayaamic  characteristics 
in pitch of a 1/4-scale m o d e l  of the B e l l  X - 1  airplane equipped with a 
4-percent-thlck,  aspect-ratio-& wing. Sp = Oo; 6a = 0'; 6r = 0'; 
& = 00; p = 00. 
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Figure 5. - Concluded. - 
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Figure 6.- Effect of--stabilizer setting on the aerodynamic  characteristics - 
i r ~  pitch of a l/&-scale model of the Bell X-1 airplane. equipped with a 
4-percent-thick,  aspect-ratio-& wiw. 6-f = 35'; Sa = Oo; 6r = Oo; 
s, = 00; p = 00. 
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Figure 6.- Concluded. ” 
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Figure 7.- Variation of static margin with Uft coeff ic ied for the 
l / L S C 8 &  Bell x-1 airplane. a 00. 
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Figure 8.- EWect of elevator deflection on the aerodynamic  characteristics 

in pitch of a 1/4-scale model of the B e l l  X-1 airplane equipped with a 
bpercent-thick,  aspect-ratio-4 w i n g ,  sf = Oo; 6, = Oo; 8, = Oo; p = Oo. 
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(a) Concluded. 

Figure 8.- Continued. 
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(b) it = 38'. 

Figure 8. - Continued. - 
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Figure 8.; Concluded. 
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- Figure 9.- Effect of elevator  deflection on the  aerodynamic  characteristics 
in pitch of a l/k-scale m o d e l  of the Bell X-1 airplane e. uipped with a 
bpercent-thick, aspect-ratio-& wing. sf = 35O; 6a = 0 8 ; S, = Oo; B = 00. 
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Figure 9. - Continued. 
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Figure 9. - Continued. 
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Figure 9.- Concluded. 
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Figure 10.- Elevator deflection and horizontal-tail incidence required 
to t r b  through the lift-coefficient range. 
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Figure 11.- Eefect of flap  deflection on the aerodynamic  characteristics ' 
in pitch of a l/k-scale model of the Bell X-1 airplane  equipped with a 
4-percent-thick,  aspect-ratio-4 w i n g .  = 0'; S, = 0'; S, = Oo; 
Lt = oo; B = oo. 
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Figure 1l.- Concluded. - 



Figure 12.- Vaziation of lift coefficient with flap deflection for 
a = 00, aL = 40, and h. it = 00; s, = 00. 
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.. Figure 13.- Effect of angle of attack on the aerodynamic characteristics 
in sideslip of a l/k-scKLe model of the B e l l  X-1 airplane equipped with 
a 4-percent-thick,  aspect-ratio-& wing. sf = 0'. 
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Figure 13.-  Concluded. - 
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Figure 14.- Effect of angle of attack on the aerodynamic characteristics 
in  sideslip of a  l/b-scale model of the Bell X-1  airplane equipped 
with a  4-percent-thick,  aspect-ratio-& win@;. sf- = 35O. 
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Figure 14.- Concluded. - 
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Figure 15.- Variation of s t a t i c   l a t e ra l   s t ab i l i t y  parameters  with l i f t  
coefficient of a l/k-scale model of the B e l l  X-l airplane equipped 
with a 4-percent-thick,  aspect-ratio-& wing. 
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Figure 16.- V@riation.of  the lateral control  characteristics i n  pitch 
of a l/b-scale model of the Bell X - 1  airplane equipped with R 
4-percent-thick,  aspect-ratio-4 wLng. sf = Oo; it = Oo; 6, = 0'; 
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Figure 17.- Variation of the  lateral-control  characteristics in pitch 
of a 1/4-scale model of the Bell X-1 airplane  equipped with a 
4-percent-thick,  aspect-ratio-4 wing. S, = .35O; 6, = Oo; 6, = 0'; 
it = 0'. 
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Figure 18.- Variation of helix angle, wheel force, and rol l ing velocity 
for steady roll. Conditions I asd I1 for the model of the present 
investigation;  condition I for the original X - 1  model. 

. 



NACA FM L53I327 47 

.3 

2 

J 

0 

4 
CY 

-2 

73 

-4 

-.5 

-. 6 
.04 

.02 

0 
c, 

-.02 

-.04 

YO 6- 

(a) a = oO. 

Figure 19.- Effect of rudder deflectLon on the aerodynamic characteristics 
in sideslip of EL l/b-scale model of the Bell X-1 airphne equipped with 
a 4-percent-thick,  aspect-ratio-4 wing. it = 0'; 6f = 0'. 
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(a) Concluded. 

Figure 19.- Continued. - 
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Figure 19.- Concluded. 

CONFIDENTIAL 



NACA RM L53H27 

04 

.02 

-.06 

-3 

2 

0 

-./ 

-2 

73 

-4 

55 

76 

"7 

Figure 20.- Effect of rudder  deflection on the  aerodynamic  characteristics 
in sideslip of a l/&-scale model of the B e l l  X-1 airplane  equipped with 
a 4-percent-thick,  aspect-ratio-4 WFng. 6f = 35O; a = bo. 
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Figure 21.- Rudder and total aileron deflections required to maintain 
steady sideslip at low speed. 
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